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Background

Authors of a recent article [1] indicated there was a dif-
ference (p = 0.015) in compliance at 6 months between
the percentage of patients with osteoarthritis receiving
insoles (71%; 32 of 45) versus the patients receiving braces
(45%; 21 of 46). The small p value along with randomi-
zation of the patients provided strong evidence that the
percent compliance in the target population (ie, all patients
with osteoarthritis being treated by these methods) really is
different. However, the p value alone does not provide us
with much information concerning the magnitude of the
difference in compliance in the target population. For that,
we need to consider the estimated difference of 26% (71%—
45%) and appropriate confidence interval.

Question

What is a confidence interval and how should it be used?

Discussion

The confidence interval provides us with a range of values
that we believe, with a given level of confidence, contains
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the true value of the statistical parameter (difference of
percentages in this case) in the target population. The
estimated parameter value of 26% difference in this small
sample is the best point estimate we can make. However,
we can be fairly certain this point estimate is not equal to
the targeted true value as a very small sample rarely would
give the exact estimate of the true proportion in the target
population. Thus an interval estimate is needed to show the
reliability of this point estimate. This is given by a confi-
dence interval. To form a confidence interval, we first must
decide on a level of confidence. The usual level of confi-
dence taken is 95% but there is no requirement that it must
be 95%. In this case, using a normal approximation
method, the 95% confidence interval for the true difference
is between 5.4% and 45.5%. Thus, the best we can say
about the percent compliance in the target population, with
95% confidence, is the true difference in the compliance
rate between the two treatments lies somewhere in the
interval from 5.4% to 45.5%. Thus our conclusion is that
the difference might be very large (as much as 45%) or
very small (only approximately 5% or so). Despite the very
small p value of 0.015, the real information coming from
this study might not be as definitive as initially thought.
Every parameter estimated in a study should have an
estimated standard error. Although the standard deviation
indicates how much variability there is in the sample data,
the standard error gives us a measure of how precise the
point estimate is to the true value in the target population.
For example if we use the sample mean as an estimate for
the true mean in the target population, the standard error is
simply the standard deviation of the sample divided by the
square root of the sample size. A 95% confidence interval
is approximately plus or minus two standard errors from
the parameter estimate. Thus, when reading the literature,
taking plus or minus two standard errors is a quick way to
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estimate a 95% confidence interval when only the standard
error is provided.

The sample size is one of the most important issues
related to the width of a confidence interval, and how much
information is contained in the results from an experiment.
For example, if the sample size had been 100 in each group
in this experiment, the 95% confidence interval would have
been from 12.8% to 39.2%. So a larger sample size results
in a smaller width of the confidence interval and conse-
quently in a more precise estimate of the true value in the
target population.

One way to consider the confidence interval is the fol-
lowing: if we were to construct a large number of 95%
confidence intervals from a large number of replications of
a given experiment, 95% of them would in fact contain the
true value. This is the basis for our 95% confidence that
this particular interval does contain the true value.
Choosing a different confidence level usually does not
change the interpretation of the results very much. For
example, the 90% confidence interval in the example above
is 9.5% to 42.4%, which is not really all that different from
the 95% confidence interval of 5.5% to 45.5%. Both
intervals indicate that the true difference in compliance
might be very large or very small. Thus, for example, if we
were interested in knowing if there might be a large dif-
ference in compliance, both confidence intervals suggest
that might be the case. With a 90% versus 95% confidence
interval we gain information because we end up with a
confidence interval of smaller width, but we lose some
confidence that the interval contains the true value.

Myths and Misconceptions
A confidence interval is not a probability, and therefore it
is not technically correct to say the probability is 95%

that a given 95% confidence interval will contain the true
value of the parameter being estimated. Since the event
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(construction of the confidence interval) has already
occurred, the true value of the targeted parameter either
does or does not lie in the interval. A second miscon-
ception is the belief that if two confidence intervals are
constructed separately for two groups and they overlap
slightly, it must mean that the parameter values being
estimated cannot be statistically significant based on a
resulting test. However, as statistical tests usually are
calculated based on the difference in the point estimates
under certain assumptions, it is possible that the test could
produce a statistically significant result even though the
separate intervals overlapped. But in this case we still
would be able to say that the true difference might not be
very large owing to the overlapping confidence intervals.

Conclusions

The confidence interval gives us an interval that we
believe, with a given level of confidence, contains the true
value of the parameter being estimated in the target pop-
ulation. When evaluating several papers discussing a
common subject, comparing confidence intervals may be a
better way of summarizing the results than simply com-
paring the estimates and the p values. The confidence
interval takes into account possible differences in the
sample sizes of the papers involved. If there is considerable
overlap in the confidence intervals from different studies, it
becomes clear, despite possible differences in the point
estimates, the results may not really differ very much.

Reference

1. van Raaij TM, Reijman M, Brouwer RW, Bierma-Zeinstra SM,
Verhaar JA. Medial knee osteoarthritis treated by insoles or braces:
a randomized trial. Clin Orthop Relat Res. 2010 February 23
[Epub ahead of print].



	In Brief: Statistics in Brief Confidence Intervals What is the Real Result in the Target Population?
	Background
	Question
	Discussion
	Myths and Misconceptions
	Conclusions
	Reference



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


